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INTRODUCTION 
The purpose of this research was to conduct an investigation into the improvement 
of quality of the products produced by the Cooper Hand Tools Division of Cooper 
Industries and make recommendations where applicable. Two processes were chosen: 
induction hardness and computer numerical control (CNC) grinding. The Jaw 0010C and 
the Jaw 311C were two products involved in the induction hardness process that were 
under experimentation. In the CNC grinding area, the following products' quality were 
studied: 166L shear (top blade only), 766 shear ( bottom blade only), and the IDS-SB 
shear (top blade only). Using statistical procedures and designs, some recommendations 
and observations were recorded and reported to Cooper Hand Tools. A full explanation 
of the two topics follows, along with a summary of each experiment and its results. 
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1. INDUCTION HARDNESS 
1.1 Introduction 
In order for a product to be of acceptable quality, the specification limits for the 
product must be met. For the induction hardness process, blades passing through this 
process must be within a specified range of hardness, measured in Rockwell C units. 
Induction hardness is the process by which a blade is heated and then cooled rapidly. The 
heat is applied directly to the blade portion of the product for a certain length of time. 
Immediately following the applied heat, a quenching solution of mostly water is applied 
to the blade in order to cool the product rapidly. If the blade is cooled slowly, then it will 
return to a soft state and not become hard [2]. This process allows carbon, in the form of 
carbon dioxide, to be released from the blade. A minimal amount of carbon must be 
released in order for the blade to become hard [3]. If a blade is too hard, cracking may 
occur; too soft, the blade will not properly cut the product it is designed for [6]. 
Several variables are evident in the induction hardness process: heat time, quench 
time, quench temperature, quench delay, location and percent concentration. Heat time is 
the total amount of time, in seconds, the heat is applied to the blade. Quench time is the 
total time, measured in seconds, that the quenching solution is used to cool the blade. 
The temperature of the quenching solution, measured in degrees Fahrenheit, is associated 
with the variable quench temperature. The quenching solution is held in a large, covered 
tank to exclude dirt and dust and must be maintained at a cenain temperature |5]. While 
the heat is being applied, the quench delay time also begins. This delay can be set two 
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different ways: (1) it can be equal to the heat time, meaning the quenching solution is 
applied immediately after the heat time stops, (2) it can be less than the heat time, 
meaning the quenching solution will be applied for a certain length of time while the heat 
is still being applied. A fixture designed especially for a product holds the blades in place 
during the induction hardness process. The variable location is associated with the slots 
the blades may be placed. Normally, there are two to three locations per fixture. Finally, 
percent concentration refers to the percentage of the quenching solution that is not water. 
After the induction hardness process, a sample of the products are routinely checked to 
ensure that they meet the specification limits set for the hardness of the blade and also 
examined for cracking. If the hardness level is too low or too high, then the quality of the 
product is not meeting standards. Cracking is also an unacceptable quality characteristic. 
The Rockwell C hardness measurement involves a digital reading of resistance when 
pressure is applied to the blade of a product. The measuring device called a braile applies 
the pressure to the blade with the assistance of the operator and records the resistance 
reading. The braile is a 60 degree conical shaped diamond tip [6]. To conduct a test for 
cracks on a blade, a magnetic powder suspended in petroleum-based oil must first be 
sprayed onto the blade. An AC current is applied to the entire product to magnetize the 
blade. The magnetized part is retained long enough to allow a black ultraviolet light to 
highlight the cracks, if any. If cracks are found, a change in the process is desirable in 
order to produce a better quality product that meets specifications [6]. Two blades were 
experimented with during the induction hardness process. All variables listed above were 
not used in each experiment. Some of the variables were held constant due to time 
constraints or the availability of the product in use. 
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1.2 Jaw 00IOC Experiment 
The objectives of this experiment were (1) to reduce overall cycle time which is the 
sum of heat time and quench time, (2) obtain optimum settings for all variables involved 
in the experiment, (3) maintain the Rockwell C hardness of the product within 
specification limits of 63 to 66 C with no cracks evident, and (4) reduce variability 
among locations on the fixture used in the process. 
The dependent variables were the Rockwell C hardness measurement of the blade 
portion of the Jaw 0010C and the number of cracks located. This hardness was an 
average of three individual hardness measurements (Figure 1.1). The independent 
variables involved were as follows: 
Variable Levels  
Heat time 3 seconds, 6 seconds 
Quench time 9 seconds, 12 seconds 
Quench temperature 102 degrees Fahrenheit 
Quench delay 3 seconds, 6 seconds 
Percent concentration 3.6%, 4.4% 
Location 1,2,3. 
Quench delay was not included in the statistical model. Instead, the delay was 
confounded with the variable, heat time. Since quench temperature was held constant it 
was also not included in the model. It was decided to run the experiment as a full 3*23 
factorial using one blade per cell. Therefore, a total of twenty-four blades were 
necessary. It was not possible to completely randomize the order of experimentation. So, 
the experiment was run as a split-plot design. It was determined that percent 
concentration would be set at 3.6% first. Within the 3.6 % concentration and 4.4% 
5 
concentration, there was a complete randomization of the other factors. The 
mathematical model involved the main effects and all interactions. 
Each blade was labeled with a permanent marker with a 1, 2, or 3 to designate which 
location on the fixture the blade would be placed. During the process, three blades were 
processed at one time and then the Rockwell C hardness measurements were taken. After 
the nine post-hardness readings were recorded, the variables on the process were changed 
accordingly , and the process repeated eight more times. 
After all data was collected and averages were calculated, a computer program, JMP®, 
was used to perform all statistical calculations. An analysis of variance was used to 
analyze the data. The error term consisted of the three low sums of squares from these 
interactions: quench time * location, quench time*percent concentration, and heat time * 
quench time. Also, all three-way and four-way interactions were included in the error 
term. 
Several null hypotheses were established: (1) There is no difference among the levels 
of the main effects, (2) There are no interactions between the main effects. To 
determine if there were any significant interactions or differences among the main effects' 
levels, an alpha level of 0.05 was used. 
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1.3 Interpretation of the Results 
This table represents the main effects and all interactions that were analyzed and the 
corresponding probability values that were used in testing for significance. The 
significant main effects and interactions are denoted with an *. 
Source Proh>F 
Heat ime 0.0000 * 
Quench ti e 0.2979 
Percent concentration 0.7584 
Heat time ^Percent concentration 0.0995 
Location 0.7621 
Heat time * Location 0.2109 
Percent concentration* Location 0.8571 
Table 1.1 Analysis of variance table for the overall model 
All objectives were not achieved with this experiment. The heat time could not be 
reduced to the 3 seconds, so an analysis of variance of the data at the heat time level of 6 
seconds was performed. To reduce overall cycle time, it was found that the quench time 
could be reduced to 9 seconds (Figure 1.2). This can be used provided that a quench 
temperature of 102 degrees is present. A fixture problem was noticed when the quench 
time was 12 seconds and the heat time was 6 seconds. Since the heat time could not be 
reduced, the fixture problem could be alleviated by reducing the quench time to 9 seconds 
(Figure 1.3). This is an accomplishment of the fourth objective, to reduce variability 
7 
among locations. Objective three was also achieved provided that the above conditions 
were met. Heat time at 3 seconds did not produce the required hardness readings. 
Source Proh>F 
Quench time 0.0616 
Percent concentration 0.0440 * 
Quench time*Percent concentration 0.0418 * 
Location 0.0294 * 
Quench time*Location 0.0446 * 
Percent concentration ^Location 0.1057 
Table 1.2 Analysis of variance table with significant main effects and 
interactions noted for heat time level of 6 seconds. The error term 
for this model included the low sums of squares associated with the 
three-way interaction. Any significance is denoted with an *. 
1.4 Further Experiments 
To find the optimum settings of all variables, more experiments should be performed. 
Some desirable ones are: (1) use a higher quench temperature to determine if the quench 
time at nine seconds is still applicable, (2) using 102 degrees and higher, an introduction 
of heat time at 5 or 5.5 seconds could help determine if a lower heat time is indeed 
possible, (3) introduce the quench delay variable at two different levels to determine if a 
significant difference in hardness can be made. 
8 
Figure 1.1 Jaw 0010C diagram. An * denotes the location of the three 
hardness measurements. 
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Figure 1.2 Interaction graph of quench time and percent concentration at the 
heat time level of 6 seconds 
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Figure 1.3 Interaction graph of quench time and location at the heat time level 
of 6 seconds. 
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1.5 Jaw 311C Experiment 
The objectives of this experiment were (1) to reduce overall cycle time, (2) maintain a 
Rockwell C hardness reading within the specification limits of 60 to 66 C with no cracks, 
and (3) to reduce variability among locations on the fixture. The dependent variables 
were the Rockwell C hardness measurement of the blade and the number of cracks. The 
independent variables involved were 
Variable Level  
Heat time 6.5 seconds, 7.0 seconds 
Quench time 8.5 seconds, 9.0 seconds 
Quench delay 6.5 seconds, 7.0 seconds 
Quench temperature 79 degrees F, 73 degrees F 
Location 1,2,3 . 
AH of the above factors were included in the statistical model. A fixture with three 
locations was used. A factorial arrangement was desired, but it was not possible to 
completely randomize the data. Replication was not applicable due to the availability of 
the product. A total of forty-eight blades were used. All factors involving a 73 degree 
Fahrenheit quench temperature were performed first, followed by the other twenty-four 
parts at the other temperature. Within the twenty-four blades at 73 degrees, a complete 
randomization of all variables was accomplished as with the 79 degree temperature. Four 
measurements of hardness were performed on each blade immediately following the 
induction hardness process. An average of the four readings represented an overall 
hardness measurement for each blade. 
All forty-eight blades were put through the process, kept in order of experimentation, 
and then measured. A full factorial of heat time, quench time, quench delay, and quench 
temperature was included in the mathematical model. It was not possible to cross the 
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variable, location, in the factorial due to limitations. Using JMP, an analysis of variance 
was performed on all data collected. There were not any low sums of squares that needed 
to be included in the error term. An alpha of .05 was used to determine if any 
significance existed. 
The null hypotheses were as follows: (1) There is no difference among the levels of 
the main effects , (2) There are no interactions between the main effects other than 
location. 
1.6 Interpretation of Results 
This table represents the main effects and all interactions that were used. The 
corresponding probability values are shown; these were used in the testing of 
significance at the alpha level of 0.05. Any significance is denoted by an *. 
Source Prob > F 
Location 0.0423 * 
Heat time 0.0089 * 
Quench time 0.3731 
Heat time*Quench time 0.0034 * 
Quench temperature 0.5963 
Heat time*Quench temperature 0.9061 
Quench time*Quench temperature 0.1136 
Heat time*Quench time*Quench temperature 0.0970 
Quench delay 0.8411 
Heat time*Quench delay 0.4249 
Quench time*Quench delay 0.0084 * 
Heat time*Quench time*Quench delay 0.2624 
Quench temp*Quench delay 0.0365 * 
Heat time*Quench temperature*Quench delay 0.3089 
Quench time*Quench temperature*Quench delay 0.8688 
Heat time*Quench time*Quench temperature*Quench delay 0.0825 
Table 1.3 Analysis of variance for the overall model 
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All of the objectives stated above were not met. To reduce overall cycle time, it was 
found that the heat time could be lowered to 6.5 seconds (Figure 1.4). Since location was 
significant, the data was sorted according to location. An analysis of variance was 
performed on the data for locations 1, 2, and 3, respectively (Tables 1.4 and 1.5). There 
is less variation among the locations on the fixture if the quench delay is also reduced to 
6.5 seconds (Figures 1.5 and 1.6). There was not a significance difference found between 
the two quench temperatures. An analysis of variance for the location level of 3 produced 
no significant main effects or interactions at the alpha level of .05. 
1.7 Further Experiments 
Cycle time has been reduced by lowering the heat time. Another experiment 
involving heat time at an even lower rate could produce the same results provided the 
quench time is held constant at 9 seconds. Also, two more quench temperatures could be 
used to determine if the heat time at 6.5 seconds produces the same results. Quench delay 
should be varied more if the heat time is reduced further. The variable, percent 
concentration, should also be studied further in combination with the other main effects. 
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Figure 1.4 
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Interaction graph of heat time and quench time. 
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Source Proh>F 
Heat ime 0.1155 
Quench ti e 0.5907 
Heat time*Quench time 0.0311 * 
Quench temperature 0.5502 
Heat time*Quench temperature 0.7516 
Quench time*Quench temperature 0.0891 
Heat time*Quench time*Quench temperature 0.8299 
Table 1.4 Analysis of variance with significant main effects and interactions 
for location level of 1. 
Source Prob>F 
Heat time 0.0246* 
Quench time 0.0545 
Heat time*Quench time 0.0252* 
Quench temperature 0.0711 
Heat time*Quench temperature 0.0683 
Heat time*Quench time*Quench temperature 0.0258* 
Quench delay 0.0840 
Heat time*Quench delay 0.0380* 
Quench time*Quench delay 0.0136* 
Quench temperature*Quench delay 0.0272* 
Heat time*Quench temperature*Quench delay 0.0144* 
Quench time*Quench temperature*Quench delay 0.0229* 
Heat time*Quench time*Quench temperature*Q.delay 0.0294* 
Table 1.5 Analysis of variance table with significant main effects and 
interactions for location level of 2. 
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Figure 1.5 Interaction graph of heat time and quench delay at the location 
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2. COMPUTER NUMERICAL CONTROL GRINDING 
2.1 Introduction 
Quality is a necessary consideration in the CNC grinding process. CNC refers to 
computer numerical control of a machine. All grinding machines at Cooper Hand Tools 
involve a computer program running the machine. In simple terms, a grinding area 
consists of approximately fourteen machines performing essentially the same job just on 
a different product. Parts can be loaded into the machine via a robot or manually by an 
operator. A general set-up operator is responsible for the function of all machines in 
his/her area. This operator checks the machines hourly to ensure they are running 
properly. If there is a problem, the computer program can be modified to hopefully 
alleviate any existing problems. One change in the program does not always solve a 
problem. Many adjustments may be needed before the problem is completely erased. If 
problems persist, the machine itself may be at fault; thus an engineer is needed. Products 
in the CNC grinding are scissors of varying sizes made by the Cooper Hand Tools 
Division. A mechanical hand holds the product in place to allow for the grinding 
process. Grinding of a blade is done on both sides of an individual scissor, as well as for 
the top and bottom scissor. The standard names for the different grinding procedures are 
inside and outside grinding. The outside grinding is performed first in the grinding 
process. It is associated with the cosmetic appearance of a scissor. The inside grinding 
procedure actually makes the blade [4J. The variable names for any given grinding 
process are as follows: before thickness (inside and outside), after thickness (inside and 
20 
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outside), side to side difference, and stock removal. The before thickness reading refers 
to the measurement taken before the inside or outside grinding procedure (Location 1 on 
Figure 2.1). The thickness reading is only for the blade ponion of the scissor. The after 
thickness reading is the measurement taken after the inside or outside grinding has 
occurred (Location 2 on Figure 2.1). A second after thickness reading is also taken to 
calculate the side to side difference reading (Location 3 on Figure 2.1). The difference of 
the first after thickness reading and the second thickness reading is recorded for the side 
to side variable. The standard limits for the difference are -.005 to .005 inches. Stock 
removal is a new variable recently introduced. Stock removal refers to the average 
amount of the blade that is taken off during the inside grinding process. The limits for 
this variable are .008 to .012 inches. Stock removal is the difference between location 1 
and location 2 on Figure 2.1. Finally, the setting variable is associated with the one 
variable that was altered in the computer program. 
In two of the three experiments performed, the stock removal measurements were 
closely monitored. The specification limits must be met for each of the other variables 
mentioned above. However, the stock removal measurements were of more concern at 
the time the experiments were performed since it was a new variable and no data had 
been collected for it. 
For data collection, a datamyte was used. The datamytes normally used for the 
grinding process were fixed station data collectors. These data collectors were only for 
variable data collection. The datamyte was connected to a micrometer, which made all of 
the measurements taken. The micrometer reading was transferred to the datamyte for 
storage and calculation. The datamyte could produce graphical displays in the form of x- 
bar and r charts, x-bar and sigma charts, and histograms. A set subgroup size allowed the 
data to be displayed in one of the graphical forms. To visualize the charts or histograms, 
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a video monitor was connected to the datamyte. After data collection, repons on the data, 
histograms, and charts could be printed [1], 
2.2 166L Scissor Experiment 
The objectives for this experiment were (1) to find the optimum settings for all 
variables in the computer program that are normally altered, (2) to monitor the thickness 
and differences readings for both the inside and outside grinding, and (3) to make 
recommendations regarding the thickness and difference variables. The dependent 
variables were the thickness measurements before and after the inside grinding, and the 
side to side difference from the inside grinding. 
Specific levels of the setting variable were in two categories, outside and inside 
grinding settings. For the outside grinding settings, one variable normally altered in the 
CNC program was experimented with. The program variable, Y, refers to the distance 
the scissor was placed from the grinding wheel. The three different settings for Y were 
5.840, 5.845, and 5.848. The inside grinding program was very similar to the outside 
grinding program. The same Y variable existed and was altered in the same manner as 
the Y variable in the outside grinding program. The inside grinding settings for Y were 
5.740, 5.745, and 5.748. 
All variables involved had specification limits. The thickness before the outside 
grinding was to be between .156 and .166 inches. The limits for the thickness reading 
after the outside grinding were .146 - .156 inches. Thickness readings for the before 
inside grinding were the same as the readings for the after outside grinding. Therefore, 
the before thickness reading before inside grinding limits were .146 - .156 inches. 
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Finally, the limits for the thickness readings taken after the outside grinding process were 
.136 - .146 inches [4], 
Thirty scissors per setting were used, giving a total of ninety scissors. A subgroup 
size of five was used in order to enter the data into the datamyte normally used for this 
particular scissor. The same scissors for outside grinding procedure were used for 
the inside grinding. The side to side difference was calculated from the outside grinding 
data and the inside data. The total number of measurements taken were three hundred 
sixty. 
The study was conducted during normal operations. No special adjustments were 
made to the machines. Samples were taken from the same lot. The outside grinding data 
was collected one day. Then, the inside grinding data was collected on another day using 
the same scissors from the previous day. This was due to the flow of the 166L scissors 
production process. For the data collection on the outside grinding, thirty parts were 
measured at one time before the process, processed through the grinding machine via a 
robot, and then the last thickness measurement was taken. Care was taken in order to 
keep the parts in the exact order they were processed. On the next day, data collection for 
inside grinding was completed. Due to the flow of the 166L scissor, the order of 
measurement from the outside grinding was destroyed. Only the thiny parts for each 
setting could be kept together. For each setting during inside grinding, the same 
procedure for the outside grinding was used, running thirty scissors each time at different 
settings. After data collection, both outside grinding and inside grinding data were sorted 
by setting. The data set was updated, matching the sorted outside readings with the 
sorted inside readings to ensure more accuracy. 
Using a SAS program, a stepwise multiple regression was performed on the data set. 
The maximum r-square was also desirable. The SAS program can be found in Appendix 
V. Bfos referred to the thickness reading taken before outside grinding. Outset 
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represented the confounded settings for inside and outside grinding, denoted by a 1, 2, or 
3. Afisdiff was the difference calculated after the inside grinding. Afisl and afis2 refer 
to the first and second thickness measurements taken after the inside grinding. The 
following are the models used in the program: 
(1) Afisdiff = Bfos + Bfos2 + Bfos * Outset + Bfos2 * Outset 
(2) Afisl = Bfos + Bfos2 + Bfos * Outset + Bfos2 * Outset 
(3) Afis2 = Bfos + Bfos2 + Bfos * Outset + Bfos2 * Outset. 
2.3 Interpretation of Results 
A significant predicting equation at the alpha level of 0.05 was not found for the side 
to side difference. The variable, after inside thickness reading 1, was found to have a 
mathematical equation: 
Thickness After Inside Grinding 1 = .1428700-.00347583*setting, 
where setting refers to the confounded inside and outside grinding settings. This equation 
had a r-square of .4798017 and a standard deviation of .003. Also, the variable, after 
inside thickness reading 2, has an equation: 
Thickness After Inside Grinding 2 = .14550833-.0033825:,esetting. 
This equation had an r-square of .75651169 and a standard deviation of .0016. To assist 
the operator, it was decided that the following chart of the thickness measurements and 
the average difference between the thickness measurements should be produced. 
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Bef Os Gr Aft Os Gr Aft Is Gr 
Setting 1 .1705 in .1490 in .1397 in 
Setting 2 .1684 in .1564 in .1354 in 
Setting 3 .1670 in .1461 in .1327 in 
Table 2.1 This table represents the average thickness readings at the different 
setting levels before and after inside grinding and outside grinding. 
Bef Os Gr - Aft Os Gr Aft Os Gr -Aft Is Gr 
Setting 1 .0215 in .0093 in 
Setting 2 .0120 in .0210 in 
Setting3 .0209 in .0134 in 
Table 2.2 This table represents the mean difference between the mean 
thicknesses of before outside grinding thickness and after outside 
grinding thickness, and the mean difference between the mean 
thicknesses of after outside grinding thickness and after inside 
grinding thickness. Each mean difference was calculated at the 
different setting levels. 
2.4 Further Experiments 
A design of experiments is possible to develop some guidelines for the operator in 
determining what should be adjusted based on the sample data, before outside grinding 
thickness and after outside grinding thickness. From the data collected, it was determined 
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that the operator has a basic understanding of which variables to adjust. However, 
guidelines for all operators may assist in producing more uniform output. The difference 
readings before and after grinding should still be monitored as shown by Figure 2.2 and 
Figure 2.4. 
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Figure 2.1 166L scissor diagram showing the different locations of the 
measurements taken 
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Figure 2.2 This chart represents the mean difference calculated before the 
inside grinding procedure began. 
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Figure 2.3 Range monitor chart for the thickness measurement before the 
inside grinding. The x-axis is the subgroup and the y-axis 
represents the range. 
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Figure 2.4 This chart represents the mean difference calculated after 
the inside grinding procedure. 
0.0125 
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0.0000- 
UCL=0.01020 
Avg=0.00482 
LCL=0.00000 
10 20 
Figure 2.5 Range chart for the average thickness measurement after the inside 
grinding procedure. 
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2.5 766 Shear Experiment 
The objectives of this experiment were to (1) monitor the process using the new 
variable, stock removal, (2) find a predicting equation for the stock removal and/or 
setting, and (3) provide the operator with guidelines for stock removal and/or setting. 
The two dependent variables were stock removal and setting. The specification limits for 
the removal were .008 - .012 inches. This refers to the amount of the shear that was 
removed. It is calculated by the difference between the before thickness reading and the 
after thickness reading. Setting is associated with the variable in the computer program 
that was altered with each run. The independent variables monitored were the thickness 
readings before and after grinding, and the difference calculated between the two after 
thickness readings. Only the inside grinding procedure was used. 
Four different settings were established using the computer program, where the Y 
value altered was the distance the shear was from the grinding wheel. The Y values used 
were 5.950, 5.952, 5.957 and 5.960. 
The specification limits do exist for the after grinding thickness reading; however, the 
stock removal variable was recently introduced. There was more concern with the 
average stock removal than with meeting the after grinding limits for this experiment. 
These measurements were strictly used for the calculation of the stock removal and the 
difference. The specification limits for the thickness reading taken before grinding began 
were .128 - .138 inches [4], 
Fifteen shears were measured per setting, giving a total of sixty parts used. One 
measurement per shear was taken before the process (total of 60 measurements). Two 
readings were taken after the grinding and the calculations for stock removal and 
difference were accomplished on the datamyte, giving a total of 120 measurements after 
grinding. An overall total of 180 measurements were recorded. 
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Setting one was chosen, because it was the original program loaded into the machine 
at the beginning of the first shift. Settings 2, 3, and 4 were also determined by the 
operator on a random basis. The order of experimentation was determined by the Y 
values introduced above. Setting one corresponds to the Y value of 5.952. The other 
settings correspond to Y values of 5.957, 5.960, and 5.950, respectively. 
Data collection consisted of taking thickness readings for fifteen shears before the 
process, grinding all fifteen shears in order of the measurements, and then measuring the 
thickness after grinding in the same order. Each set of fifteen shears was processed the 
same way. All data was collected on the datamyte used in the CNC grinding area. The 
data was then loaded onto the VAX and analyzed via a SAS program written specifically 
for the data set. A multiple regression model was used to assist in predicting a 
mathematical equation from the following models. An alpha of 0.05 determined if the 
predicting equation was significant enough. Befgr represented the thickness reading 
taken before grinding. Strem was the stock removal. Setting referred to the Y values 
used as settings. The following are the models used in the computer program: 
(1) Stock Removal = Setting + Befgr + Befgr * Setting + Befgr2 + Befgr3 + 
Setting2 + Setting3 
(2) Setting = Befgr + Strem + Befgr2 + Befgr3 + Strem2 + Strem3 + 
Befgr * Strem 
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2.6 Interpretation of Results 
Two mathematical equations were established for the variables, stock removal and 
setting: 
Stock Removal = -1.43111518 + 4.49531610*befgr*setting - 
160.5607 3673* bef gr2 + 306.90576906*befgr3 
and 
Setting = 6.69766311 - 10.96619606:|ebefgr + 7.71001341*befgr;*strem + 
39.82061198 *befgr2 . 
The stock removal equation has an r-square of .76144230 and a standard deviation of 
.00198. The setting equation has an r-square of .59427589 and a standard deviation was 
.00261. 
Graphs representing stock removal and setting were drawn by Mathematica™ to show 
their relationships with the other variables in their respective equations (Figures 2.10 to 
2.17). Also, tables were compiled for stock removal and setting for a quick reference to 
be used by the operator when problems may occur (Tables 2.3 and 2.4). 
2.7 Further Experiments 
Further experiments should be performed. In this experiment, only one variable in the 
computer program was manipulated. Other frequently changed variables within the 
program should be looked at as well. The difference calculated needs to still be 
monitored as frequently as before (Figure 2.6). Close monitoring of the stock removal 
readings should also continue (Figure 2.8). 
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Figure 2.6 This monitor chart represents the difference readings taken after 
the grinding process. 
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Figure 2.7 Range chan of the difference readings taken after the grinding 
process. 
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Figure 2.8 This monitor chart represents the average stock removal readings 
taken after the grinding process. 
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Figure 2.9 Range chart of the stock removal readings taken after the grinding 
process. 
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Figure 2.10 Using the stock removal equation, the befgr variable was varied 
from .11 to .138 inches. The setting was 5.950. The x-axis 
represent the befgr. The y-axis is the average stock removal 
calculated by the equation. 
Figure 2.11 The same equation from above was used to graph the parabola. 
The setting was 5.952. 
36 
Figure 2.12 The same equation was used form above. The only difference is 
that the setting variable is set at 5.957. 
Figure 2.13 Again, the same equation was used. The only variable changed 
was the setting variable, which is now 5.960. 
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Figure 2.14 This is a 3-D plot using the stock removal equation. The x-axis 
represents the setting varying from 5.952 to 5.960. The y-axis is 
the befgr variable varying from .110 to .138. The z-axis refers to 
the average stock removal calculated. 
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Figure 2.15 Using the setting equation, this graph refers to the different settings 
that can be used. The x-axis represents the average stock removal 
varying from .008 to .012. The y-axis refers to the settings that can 
be used. The variable, befgr, is held constant at .128, the lower 
specification limit. 
Figure 2.16 The same equation from above was used. The only difference is 
that the befgr is now held constant at .138 inches, the upper 
specification limit. 
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Figure 2.17 Using the setting equation, the a 3-D plot was graphed. The x-axis 
refers to the stock removal varying from .008 to .012. The y-axis 
is the befgr variable varying from .11 to .138 inches. The z-axis is 
the setting needed. 
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Average thickness before grinding = .128 inches 
Stock Removal  
.008 
.009 
.010 
.011 
.012 
Setting 
5.95431 
5.95529 
5.95628 
5.95727 
5.95825 
Average thickness before grinding = .133 inches 
Stock Removal  
.008 
.009 
.010 
.011 
.012 
Setting 
5.95175 
5.95277 
5.95380 
5.95083 
5.95585 
Average thickness before grinding = .138 inches 
Stock Removal  
.008 
.009 
.010 
.011 
.012 
Setting 
5.95118 
5.95225 
5.95331 
5.95438 
5.95544 
Table 2.3 Using the predicting equation found for setting, the above table was 
produced by varying stock removal and average thickness. 
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Setting = 5.950 
Setting = 5.952 
Setting = 5.957 
Av. Thickness Before Grinding Stock Removal 
.110 -.02326070 
.115 -.01188220 
.120 -.00323754 
.125 .00290337 
.130 .00677073 
.135 .00859471 
.140 .00860550 
Av. Thickness Before Grinding Stock Removal 
.110 -.02227180 
.115 -.01084830 
.120 -.00215867 
.125 .00402720 
.130 .00793951 
.135 .00980845 
.140 .00986419 
Av. Thickness Before Grinding Stock Removal 
.110 -.01979940 
.115 -.00826346 
.120 .00538210 
.125 .00693677 
.130 .01086150 
.135 .01284280 
.140 .01301090 
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Setting = 5.960 
Av. Thickness Before T,ringing Stock Remnval 
110
 -.01831590 
115
 -.00671258 
120
 .00215683 
•125 .00852251 
•BO .01261460 
•^5 .01466340 
•140 .01489890 
Table 2.4 Using the predicting equation for stock removal, this table was produced by 
varying average thickness and setting. 
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2.8 IDS-SB Shear Experiment 
The objectives of this experiment were to (1) monitor the variable, stock removal, (2) 
find a predicting equation for stock removal and setting, and (3) establish quick reference 
tables and graphs using an equation for stock removal and setting. The dependent 
variables involved were the amount of thickness removed from the shear called stock 
removal and the setting manipulated in the computer program running the machine. The 
independent variables were the thickness readings taken before and after the grinding 
process. The difference between the two after thickness readings were also calculated. 
The specifications limits for the stock removal were .008 - .012 inches, difference 
readings were set between -.005 -.005 inches. Before grinding thickness measurements 
should have been between .19 inches to .20 inches. The measurements of thickness taken 
after grinding were used only for calculation purposes; thus, no limits were needed. The 
computer program contained a Y value that was regularly altered. This variable was used 
for the setting variable. The Y value represented the distance the shear was from the 
grinding wheel. The following were the settings used: setting 1 = 5.698, setting 2 = 
5.695, setting 3 = 5.696, and setting 4 = 5.697. 
Fifteen shears per setting were used, giving a total of sixty shears processed. One 
reading before grinding was taken (60 total measurements), and two readings for 
thickness after the process was completed(120 measurements). Stock removal and 
difference measurements were then calculated on the datamyte for an overall total of 180 
measurements. 
The order of experimentation was determined by the operator. Setting 1 was taken 
from the original computer program and used first, followed by settings 2, 3, and 4. 
Beginning with setting 1, fifteen shears were collected at one time from the same lot, 
measured, processed in the order of measurement, and then two more thickness readings 
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were taken after the process. This procedure was repeated three more times for settings 
2, 3, and 4, respectively. The datamyte normally used for this process collected all 
thickness reading and calculated stock removal and difference readings for all 60 shears. 
Using the VAX system, a SAS program written specifically for the data set calculated 
the equations. Both mathematical models in the SAS program are as follows. Befgr 
represented the thickness reading taken before grinding. Strem was associated with the 
stock removal, and diff with the difference. Setting was the Y value altered in the 
computer program. The following are the models used in the computer program: 
(1) Stock Removal = Setting + Befgr + Befgr2 + Befgr * Setting + Befgr3 + 
Setting2 + Setting3 
(2) Setting = Strem + Befgr + Befgr2 + Befgr * Strem+ Befgr3 + 
Strem2 + Strem3 
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2.9 Interpretation of Results 
The following equations were produced by the above SAS program for stock removal 
and setting: 
Stock Removal = -2.61367531 + 2.17792144*befgr2 + .0138325l*setting3 
and 
Setting = 5.72259960 + .23027718*strem - 0.16283543*befgr . 
With a r-squared of 0.31565209, the setting equation will not be a very good predicting 
equation. However, it will give the operator some insight into the setting variable. The 
stock removal equation has a r-squared of 0.74637631 and a standard deviation of 
.0022605 . 
Graphs representing stock removal and setting were drawn by Mathematica to show 
their relationships with the other variables in their respective equations (Figures 2.22 to 
2.30). Also, tables were compiled for stock removal and setting for a quick reference to 
be used by the operator when problems may occur (Tables 2.5 and 2.6). 
2.10 Further Experiments 
Further experiments are needed varying other variables within the computer program. 
This may produce a better mathematical equation for the variable setting as well as for 
stock removal. The variable difference does not need to be monitored as closely as it has 
been (Figure 2.18). The incoming thickness readings and average stock removal have 
no bearing on the difference outcome. However, difference may still be needed if more 
variables in the program are manipulated. 
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Figure 2.18 This monitor chart represents the mean difference calculated after 
the grinding process. 
UCL=0.0073 
Avg=0.0034 
LCL=0.0000 
15 
Figure 2.19 Range chart for the difference. 
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UCL=0.0244 
Avg=0.0135 
LCL=0.0025 
Figure 2.20 This monitor chart represents the average stock removal calculated 
after the grinding process. 
5 10 
Figure 2.21 Range chart for the stock removal. 
UCL=0.0403 
Avg=0.0190 
LCL=0.0000 
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Figure 2.22 Using the stock removal equation found, the following graph 
represents the average stock removal calculated when befgr is 
varied from .165 to .185 inches. The x-axis is the befgr and the y- 
axis is the stock removal. The setting is 5.695. 
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Figure 2.23 The same equation was used. The setting variable is now 5.696. 
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Figure 2.24 The same equation was used. The setting variable was changed to 
5.697. 
Figure 2.25 The setting is 5.698. 
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Figure 2.26 The stock removal equation was used. The x-axis represents the 
setting varying from 5.695 to 5.698. The y-axis is the befgr 
varying from .165 to .185inches. The z-axis is the stock removal. 
Figure 2.27 Using the setting equation found, the x-axis is the befgr varying 
from .165 to .185 inches. The y-axis is the setting needed provided 
the stock removal is .008 inches. 
51 
Figure 2.28 The stock removal value changed to .010 inches. 
Figure 2.29 The same equation was used. The stock removal value changed to 
.012. 
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Figure 2.30 A 3-D graph was used for the setting equation. The x-axis is the 
stock removal varying from .008 to .012 inches. The y-axis is the 
befgr varying from .165 to .185 inches. The z-axis the setting 
calculated from the equation. 
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= .008 
Av. Thickness Before Grinding Settins 
.165 5.69757 
.167 5.69725 
.169 5.69692 
.171 5.69660 
.173 5.69627 
.175 5.69595 
.177 5.69562 
.179 5.69529 
.181 5.69497 
.183 5.69464 
.185 5.69432 
= .010 
Av. Thickness Before Grinding Setting 
.165 5.69803 
.167 5.69771 
.169 5.69738 
.171 5.69706 
.173 5.69673 
.175 5.69641 
.177 5.69608 
.179 5.69575 
.181 5.69543 
.183 5.69510 
.185 5.69478 
Stock Removal = .012 
Av. Thickness Before Grinding Setting 
.165 5.69850 
.167 5.69817 
.169 5.69784 
.171 5.69752 
.173 5.69719 
.175 5.69687 
.177 5.69654 
.179 5.69622 
.181 5.69589 
.183 5.69556 
.185 5.69524 
Table 2.5 Using the predicting equation found for setting, this table was produced 
by varying stock removal and average thickness. 
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Setting = 5.695 
Av. Thickness Before Grinding Stock Removal 
.165 .000567264 
.167 .002016400 
.169 .003476970 
.171 .004957950 
.173 .006456360 
.175 .007972200 
.177 .009505450 
.179 .011056100 
.181 .012624200 
.183 .014209800 
.185 .015812700 
Setting = 5.696 
Av. Thickness Before Grinding Stock Removal 
.165 .00191339 
.167 .00335953 
.169 .00482309 
.171 .00630408 
.173 .00780249 
.175 .00931832 
.177 .01085160 
.179 .01240230 
.181 .01397040 
.183 .01555590 
.185 .01715880 
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Setting = 5.697 
Av. Thickness Before Grinding Stock Removal 
.165 
.00325999 
.167 
.00470613 
.169 .00616969 
.171 .00765068 
.173 .00914909 
.175 .01066490 
.177 .01219820 
.179 .01374890 
.181 .01531700 
.183 .01690250 
.185 .01850540 
Setting = 5.698 
Av. Thickness Before Grinding Stock Removal 
.165 .00460706 
.167 .00605320 
.169 .00751677 
.171 .00899775 
.173 .01049620 
.175 .01201200 
.177 .01354530 
.179 .01509590 
.181 .01666400 
.183 .01824960 
.185 .01985250 
Table 2.6 Using the predicting equation for stock removal, these tables were produced 
by varying setting and average thickness. 
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APPENDIX I 
HT OT OTP LOC PRF. POST 
6 12 3.6 102 1 35.67 63.3 
6 12 3.6 102 2 38.90 64.9 
6 12 3.6 102 3 36.97 65.3 
3 9 3.6 102 1 38.73 39.6 
3 9 3.6 102 2 38.26 39.1 
3 9 3.6 102 3 37.93 38.1 
6 9 4.4 102 1 38.76 64.5 
6 9 4.4 102 2 37.93 64.4 
6 9 4.4 102 3 36.86 64.4 
3 12 3.6 102 1 39.56 39.4 
3 12 3.6 102 2 40.06 38.6 
3 12 3.6 102 3 39.90 38.7 
6 12 4.4 102 1 39.13 63.9 
6 12 4.4 102 2 37.16 64.9 
6 12 4.4 102 3 38.33 64.7 
3 9 4.4 102 1 39.86 38.8 
3 9 4.4 102 2 39.23 39.6 
3 9 4.4 102 3 38.56 40.8 
6 9 3.6 102 1 38.00 65.1 
6 9 3.6 102 2 38.90 65.1 
6 9 3.6 102 3 39.26 65.7 
3 12 4.4 102 1 38.26 39.9 
3 12 4.4 102 2 38.96 38.9 
3 12 4.4 102 3 38.76 38.9 
Table 1.6 Data collection for the Jaw 0010C experiment 
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Heat Time £
 
C
 O. Temp Oueneh Delav Location Hardness 
7 8.5 73 7 1 61.83 
7 8.5 73 7 2 63.05 
7 8.5 73 7 3 63.25 
7 9 73 6.5 1 63.65 
7 9 73 6.5 2 63.80 
7 9 73 6.5 3 63.70 
7 8.5 73 6.5 1 62.68 
7 8.5 73 6.5 2 63.70 
7 8.5 73 6.5 3 62.88 
7 9 73 7 1 63.08 
7 9 73 7 2 63.53 
7 9 73 7 3 63.78 
6.5 9 73 6.5 1 63.88 
6.5 9 73 6.5 2 64.60 
6.5 9 73 6.5 3 65.10 
6.5 8.5 73 7 1 64.20 
6.5 8.5 73 7 2 63.35 
6.5 8.5 73 7 3 64.30 
6.5 8.5 73 6.5 1 62.95 
6.5 8.5 73 6.5 2 63.83 
6.5 8.5 73 6.5 3 63.30 
6.5 9 73 7 1 62.68 
6.5 9 73 7 2 63.13 
6.5 9 73 7 3 63.68 
7 8.5 79 7 1 63.38 
7 8.5 79 7 2 63.30 
7 8.5 79 7 3 62.83 
7 8.5 79 6.5 1 62.70 
7 8.5 79 6.5 2 62.40 
7 8.5 79 6.5 3 62.20 
6.5 9 79 7 1 62.43 
6.5 9 79 7 2 64.30 
6.5 9 79 7 3 63.20 
7 9 79 7 1 63.13 
7 9 79 7 2 62.90 
7 9 79 7 3 63.75 
6.5 8.5 79 6.5 1 63.88 
6.5 8.5 79 6.5 2 63.65 
6.5 8.5 79 6.5 3 63.13 
7 9 79 6.5 1 63.15 
7 9 79 6.5 2 65.41 
7 9 79 6.5 3 62.80 
6.5 8.5 79 7 1 64.73 
6.5 8.5 79 7 2 65.53 
6.5 8.5 79 7 3 63.85 
6.5 9 79 6.5 1 63.03 
6.5 9 79 6.5 2 63.68 
6.5 9 79 6.5 3 62.23 
Table 1.7 Data collection for the Jaw 311C experiment 
APPENDIX II 
LINEAR REGRESSION OUTPUT FOR 
166L SCISSOR 
Maximum R-square Improvement for Dependent Variable AFIS1 
Step 1 Variable OUTSET Entered R-square = 0.4798017 
Prob > F 
DF Sum of Squares Mean Square 
Regression 
0.0001 
Error 
Total 
Variable 
Prob>F 
Intercept 
0.0001 
Outset 
0.0001 
88 
89 
Parameter 
Estimate 
0.14287000 
-.00347583 
0.00072489 
0.00078590 
0.00151079 
Standard 
Error 
0.00083343 
0.0003580 
0.00072489 81.17 
0.00000893 
Type II 
Sum of Squares 
0.26243790 29386.0 
0.00072489 81.17 
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LINEAR REGRESSION OUTPUT FOR 
166L SCISSOR 
Maximum R-square Improvement for Dependent Variable AFIS2 
Step 1 Variable OUTSET Entered R-square = 0.75651169 
Prob > F 
DF Sum of Squares Mean Square 
Regression 
0.0001 
Error 
Total 
88 
89 
0.00068648 
0.00022095 
0.00090743 
0.00068648 
0.00000251 
273.41 
Variable 
Prob>F 
Parameter 
Estimate 
Standard 
Error 
Type II 
Sum of Squares 
Intercept 
0.0001 
Outset 
0.0001 
0.14550833 
-.00338250 
0.00044191 
0.00020456 
0.27222011 
0.00068648 
108421 
273.41 
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LINEAR REGRESSION OUTPUT FOR 
166L SCISSOR 
Maximum R-square Improvement for Dependent Variable AFISDIFF 
Step 1 Variable BFOS Entered 
Prob > F 
DF 
R-square = 0.01580634 
Sum of Squares Mean Square 
Regression 
0.2377 
Error 
Total 
88 
89 
0.00000668 
0.00041587 
0.00042255 
0.00000668 
0.00000473 
1.41 
Variable 
Prob>F 
Parameter 
Estimate 
Standard 
Error 
Type II 
Sum of Squares 
Intercept 
0.1143 
Bfos 
0.2377 
-.01108011 
0.04895766 
0.00694772 
0.04118167 
0.00001202 
0.00000668 
2.54 
1.41 
The above model is the best 1-variable model found. 
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Step 2 Variable OUTSET Entered R-square = 0.01581398 
Prob > F 
Regression 
0.4999 
Error 
Total 
DF 
87 
89 
Parameter 
Variable Estimate 
Prob>F 
Sum of Squares Mean Square 
0.00000668 
0.00041587 
0.00042255 
Standard 
Error 
0.00000334 
0.00000478 
Type II 
Sum of Squares 
0.70 
Intercept 
0.1405 
Bfos 
0.2594 
Outset 
0.9793 
-.01101635 
0.04866962 
-.00000759 
0.00740564 
0.04287480 
0.00029219 
0.00001058 
0.00000616 
0.00000000 
2.21 
1.29 
0.00 
The above model is the best 2-variable model found. 
No further improvement in R-square is possible. 
APPENDIX III 
LINEAR REGRESSION OUTPUT FOR 
766 SHEAR 
Maximum R-square Improvement for Dependent Variable STREM 
Step 6 Variable A Removed R-square = 0.88757632 
Variable SETTING Entered 
Prob > F 
Regression 
0.0001 
Error 
Total 
Variable 
Prob>F 
Intercept 
0.0001 
Setting 
0.0001 
Befgr 
0.0001 
B 
0.0003 
C 
0.0001 
DF 
55 
59 
Parameter 
Estimate 
-4.90772897 
0.71199330 
9.58455535 
-33.50828191 
-9.36328257 
Sum of Squares Mean Square 
0.00081888 
0.00010372 
0.00092261 
Standard 
Error 
0.32004092 
0.04799358 
2.25717116 
8.66034857 
1.18266993 
65 
0.00020472 
0.00000189 
Type II 
Sum of Squares 
0.00044347 
0.00041505 
0.00003400 
0.00002823 
0.00011821 
108.56 
235.15 
220.08 
18.03 
14.97 
62.68 
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LINEAR REGRESSION OUTPUT FOR 
766 SHEAR 
Maximum R-square Improvement for Dependent Variable SETTING 
R-square = 0.59427589 
Prob > F 
Regression 
0.0001 
Error 
Total 
Variable 
Prob>F 
Intercept 
0.0001 
Befgr 
0.0156 
A 
0.0001 
B 
0.0211 
DF 
56 
59 
Parameter 
Estimate 
6.69766311 
-10.96619606 
7.71001341 
39.82061198 
Sum of Squares Mean Square 
0.00055936 
0.00038189 
0.00094125 
Standard 
Error 
0.28802660 
4.39870963 
0.86195722 
16.77463327 
0.00018645 
0.00000682 
Type II 
Sum of Squares 
0.00368748 
0.00004238 
0.00054562 
0.00003843 
27.34 
540.73 
6.22 
80.01 
5.64 
APPENDIX IV 
LINEAR REGRESSION OUTPUT FOR 
IDS-SB SHEAR 
Maximum R-square Improvement for Dependent Variable STREM 
Step 6 Variable C Entered R-square = 0.82577150 
DF Sum of Squares Mean Square F 
Prob > F 
Regression 5 0.00088102 0.00017620 47.40 
0.0001 
Error 
Total 
Variable 
Prob>F 
Intercept 
0.0001 
Setting 
0.0001 
Diff 
0.0007 
A 
0.0003 
c 
0.0001 
67 
50 
55 
Parameter 
Estimate 
0.00018588 
0.00106690 
Standard 
Error 
0.00000372 
Type II 
Sum of Squares 
-7.14135951 
1.24108895 
-35.53019442 
2.64419344 
196.59371108 
1.43808612 
0.25260963 
9.77861482 
0.21105601 
54.93490708 
0.00009168 
0.00008974 
0.00004908 
0.00058553 
0.00004761 
24.66 
24.14 
13.20 
156.96 
12.81 
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LINEAR REGRESSION OUTPUT FOR 
IDS-SB SHEAR 
Maximum R-square Improvement for Dependent Variable SETTING 
R-square = 0.36636925 
Prob > F 
DF Sum of Squares Mean Square 
Regression 
0.0001 
Error 
Total 
53 
55 
0.00002132 
0.00004623 
0.00006755 
0.00001066 
0.00000087 
12.22 
Variable 
Prob>F 
Parameter 
Estimate 
Standard 
Error 
Type II 
Sum of Squares 
Intercept 
0.0001 
Strem 
0.0001 
Befgr 
0.0012 
5.72259960 
0.23027718 
-0.16283543 
0.00797698 
0.04711699 
0.04746731 
0.44891029 
0.00002084 
0.00001026 
514648 
23.89 
11.77 
APPENDIX V 
COMPUTER PROGRAM FOR 
166L SCISSOR 
data thick; input 
bfos afos bfisl bfis2 bfisdiff afisl afis2 afisdiff outset; 
b2 = bfos*bfos; 
bos = bfos*outset; 
bb = bfos*bfos*outset; 
cards; 
(data entered here) 
proc corr; 
proc stepwise; 
model afisdiff = bfos b2 bos bb/maxr; /* difference model */; 
proc sort; by outset; 
proc con; by outset; 
proc stepwise; by outset; 
model afisl afis2 = bfos bb bos b2/maxr, /* thickness after grinding 1 and 2 model * 
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APPENDIX VI 
COMPUTER PROGRAM FOR 
766 SHEAR 
data thick; 
input befgr aftgr strem afgr2 diff setting; 
a = befgr*setting; 
b = befgr*befgr; 
c = befgr*befgr*befgr; 
d = setting*setting; 
e = setting*setting*settmg; 
cards; 
(data entered here) 
y 
proc corr; 
proc step wise; 
model strem = setting befgr abed e/maxr; /* stock removal model*/ 
proc stepwise; 
model setting = strem befgr abed e/maxr; /* setting model*/; 
70 
data thick; 
input befgr aftgr strem afgr2 diff setting; 
a = befgr* strem; 
b = befgr*befgr, 
c = befgr*befgr*befgr; 
d = strem*strem; 
e = strem*strem*strem; 
cards; 
(data entered here) 
> 
proc step wise; 
model setting = strem befgr abed e/maxr; /* setting model*/; 
APPENDIX VII 
COMPUTER PROGRAM FOR 
IDS-SB SHEAR 
data thick; 
input befgr aftgr strem afgr2 diff setting; 
a = befgr*befgr, 
b = befgr*setting; 
c = befgr*befgr*befgr; 
d = setting*setting; 
e = setting*setting*setting; 
cards; 
> 
proc corr; 
proc stepwise; 
model strem = setting befgr diff a b c d/maxr; /* stock removal model * 
proc stepwise; 
model setting = strem befgr diff a b c d/maxr; /* setting model */; 
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data thick; 
input befgr aftgr strem afgr2 diff setting; 
a = befgr*befgr, 
b = befgr*stTem; 
c = befgr*befgr*befgr; 
d = strem*strem; 
e = strem*strem*strem; 
cards; 
y 
proc stepwise; 
model setting = strem befgr diff a b c d/maxr; /* setting model */; 
